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Abstract. —We report the results of a nine-year study (1990-1998), aimed at determin-

ing the distribution of fruit flies (Diptera: Tephritidae) and identify their host plants in

Veracruz, Mexico. Twenty Anastrepha species, Toxotrypana curvicauda and several un-

identified Hexachaeta species were captured in McPhail traps. Among the 20 Anastrepha

species, A. limae, A. dentata, and A. canalis are new records for Veracruz. Out of a total

of 51 species of native, wild plants and exotic, cultivated plants collected in Veracruz,

Mexico (representing 3,736 kg of fruit), 34 were infested by 13 Anastrepha species, 4

plants were infested by 4 Rhagoletis species, 2 plants were infested by Toxotrypana

curvicauda, and one by an undescribed Hexachaeta species. Our observations include

new host plant records for Anastrepha hamata (larvae feed only on seeds), A. bahiensis,

A. chiclayae, A. fraterculus, A. obliqua, T. curvicauda, Rhagoletis zoqui, R. sp. and Hex-

achaeta sp. We present host plant data based on size of fruit and degree of infestation,

provide information on local names and fruiting phenology, and discuss our findings in

light of their practical implications and with respect to the zoogeography of Mexican fruit

flies.

Resumen. —Reportamos los resultados de un estudio de nueve ailos (1990-1998), en-

caminado a determinar la distribucion de moscas de la fruta (Diptera: Tephritidae) e

identificar sus plantas hospederas en Veracruz, Mexico. Veinte especies de Anastrepha,

Toxotrypana curvicauda y varias especies no identificadas de Hexachaeta fueron captu-

radas en trampas McPhail. De estas especies A. limae, A. dentata y A. canalis representan

nuevos reportes para Veracruz. De un total de 51 especies de plantas nativas (silvestres)

y exoticas (cultivadas) colectadas en Veracruz, Mexico (representando 3,736 kg de fruta),

34 fueron infestadas por 1 3 especies de Anastrepha, otras 4 por 4 especies de Rhagoletis,

2 por Toxotrypana curvicauda y una por una especie no descrita de Hexachaeta. Nuestras

observaciones incluyen nuevas plantas hospederas para Anastrepha hamata (las larvas se

alimentan solo de semillas), A. bahiensis, A. chiclayae, A. fraterculus, A. obliqua, T.

curvicauda, Rhagoletis zoqui, R. sp. y Hexachaeta sp. Presentamos informacion sobre

plantas hospederas basada en el tamaiio de fruto y grado de infestacion, proporcionamos

informacion acerca de nombres locales de los frutos, su fenologia de fructificacion y
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discutimos nuestros descubrimientos en relacion a sus implicaciones practicas y co^ res-

pecto a la zoogeografia de las moscas de la fruta presentes en Mexico.

Key Words: Anastrepha, Rhagoletis, Toxotrypana, Hexachaeta, distribution, host plants,

zoogeography

Flies in the genera Anastrepha Schiner,

Rhagoletis Loew, Toxotrypana Gerstacker,

and Hexachaeta Loew are widely distrib-

uted in the Neotropics (Norrbom et al.

1999). In Anastrepha, there are 197 de-

scribed species distributed from the south-

em USA to northern Argentina (Aluja

1994, Norrbom et al. 2000). The host plants

of Anastrepha were recently reviewed by

Norrbom (2000) and Norrbom et al. (2000).

These combined reports indicate that plant

species in more than 75 families are used

as hosts. For Toxotrypana curvicauda Ger-

stacker, host plants are restricted to two

families only: Caricaceae and Asclepiada-

ceae. They include species such as Carica

papaya L., Carica cauliflora Jacq., Morren-

ia odorata Lindl., and Gonolobus sorodius

Gray. (Mason 1922, Castrejon-Ayala and

Camino-Lavin 1991, Landoh 1994). For

flies in the genus Hexachaeta, almost no

host-plant data are available. This genus in-

cludes 25 described species and many un-

described species, and the few host plant

reports available are predominantly plants

in the family Moraceae (Norrbom et al.

1999).

Here, we report the results of a long-term

study (nine years of year-round fruit collec-

tions and trapping activities) aimed at de-

termining the distribution of the fruit fly

genera Anastrepha, Rhagoletis, Toxotry-

pana, and Hexachaeta and identifying their

host plants in the State of Veracruz, Mexi-

co.

Materials and Methods

Study sites. —During nine years (1990-

1998) we collected all wild or cultivated

fruit (potential fruit fly hosts) we could find

in 42 sites located in the state of Veracruz,

Mexico. Two of these 42 sites are located

in northern Veracruz (Morgadal and Ala-

mo), one site is located in southern Vera-

cruz (Los Tuxtlas), and the rest (39 sites)

are located in central Veracruz. All study

sites, their exact location (latitude, longi-

tude) and altitude are described in Table 1.

Fruit sampling methods. —Ripe, and on

occasion unripe, fruits of the plants listed

in Table 2, were collected in areas with un-

perturbed and perturbed native vegetation,

in backyard gardens, and in semicommer-
cial and commercial orchards as described

by Aluja et al. (1987). Samples were

placed in plastic washbowls and transport-

ed to our laboratory in Xalapa, Veracruz,

Mexico. There, samples were individually

weighed and placed in plastic trays which

in turn were placed over a plastic wash-

bowl containing vermiculite as a pupation

medium.

Processing of larvae and pupae. —Wein-

spected, on a daily basis, the pupation me-

dium in the washbowls described above and

collected all pupae and larvae. These were

transferred to labeled, 500 ml plastic con-

tainers with vermiculite. All containers (one

per sample) were kept in the laboratory at

26 ± 2°C and 60-70% RH until all adult

flies had emerged from the pupae.

Trapping of adult flies. —Traps to survey

adult flies were placed in Apazapan, Llano

Grande, Monte Blanco, and Martinez de la

Torre, Veracruz. With the exception of Mar-

tinez de la Torre, we worked in commercial

mango orchards surrounded by patches of

native vegetation, coffee plantations, and

other orchards. In Martinez de la Torre we
worked in a commercial grapefruit {Citrus

paradisi Macfad.) orchard. At all sites we
placed 16 McPhail traps baited with 250 ml
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of a mixture of hydrolyzed protein, water,

and borax in each orchard. In Apazapan we
also placed 16 traps in a commercial chi-

cozapote {Manilkara zapota [L.] P. Royen)

orchard adjacent to the mango orchard. Bait

preparation, and placement and service of

traps are described in detail in Aluja et al.

(1996).

Identification of adult flies and plants.

—

All flies emerging from puparia or caught

in McPhail traps were identified at the In-

stituto de Ecologia, A. C, by Vicente Her-

nandez-Ortiz. Plants were dried, pressed,

and identified by Carlos Duran, staff mem-
ber of the IXAL herbarium at the Instituto

de Ecologia, A. C, in Xalapa, Veracruz.

Voucher specimens of plants and insects not

already represented in the permanent col-

lections were kept in the IXAL herbarium

and IXAL permanent insect collection. All

plant names used here correspond to those

listed in the USDA's GRIN online database

(USDA 2000).

Results

Fruit sampling. —A total of 3,736 kg of

fruit, representing 51 species from 22 plant

families, was processed during this study

(Table 2). Of these, 42 species from 17 fam-

ilies were found to be natural hosts of 13

Anastrepha species, 4 Rhagoletis species,

Toxotrypana curvicauda, and an undescri-

bed Hexachaeta species (Table 3). The

fruiting phenology of all of these plant spe-

cies is described in Table 4.

The more polyphagous species were A.

ludens (Loew) (8 plant species attacked),

followed by A. obliqua (Macquart) and A.

fraterculus (Wiedemann) with 7 plant spe-

cies attacked. In Apazapan we found Myr-

ciaria floribunda (H. West ex Will.) O.

Berg (Myrtaceae) simultaneously infested

by three species of Anastrepha: A. frater-

culus, A. obliqua, and A. bahiensis Lima
(new host plant records for the latter two

species). Wewere also able to confirm that

Terminalia catappa L. (Combretaceae) is a

natural (i.e., field-infested) host plant of A.

fraterculus (first report in the State of Ve-

racruz).

In contrast to the polyphagous A. obli-

qua, A. ludens and A. fraterculus, A. aphel-

ocentema Stone and A. alveata Stone were

monophagous species attacking Pouteria

hypoglauca (Standley) Baehni (Sapotaceae)

and Ximenia americana L. (Olacaceae), re-

spectively. Anastrepha hamata (Loew) was

an oligophagous species attacking seeds of

both Chrysophyllum mexicanum Brandegee

ex. Stand, and Pouteria campechiana
(Kunth) Baehni fruits, belonging to the

family Sapotaceae. Rhagoletis zoqui Bush,

R. pomonella Walsh, R. turpiniae Hernan-

dez and R. sp. adults were obtained from

Juglans pyriformis Liebm., Crataegus mex-

icana DC, Turpinia insignis (H.B. & K.)

Tul., and Solanum ionidium Bitter, respec-

tively. Toxotrypana curvicauda adults were

obtained from Gonolobus niger (Cav.) R.

Br. (Asclepiadaceae) fruits collected in the

Llano Grande region. Hexachaeta sp. adults

attacked Trophis mexicana (Liebm.) Bur.

(Moraceae) fruits in the Monte Blanco re-

gion (details of all the above are in Table

5).

Infestation patterns (i.e., number of lar-

vae per kg of fruit) are described in Table

5. Notably, the smaller, wild fruits were the

most infested (Table 5, Fig. 1).

The highest infestation levels (larvae/kg

of fruit) were found in Spondias mombin
L., followed by Ximenia americana L.

(fruits in the families Anacardiaceae and

Olacaceae attacked by A. obliqua and A. al-

veata, respectively), while the lowest infes-

tation levels were found in Inga jinicuil G.

Don (Leguminoseae), infested by A. dis-

tincta Greene, followed by Tabernaemon-

tana alba Mill. (Apocynaceae) attacked by

A. cordata Aldrich (Table 5).

Trapping. —We captured 20 Anastrepha

species in McPhail traps. Of these, 16 spe-

cies were captured in Apazapan, 12 species

in Llano Grande, 14 in Monte Blanco and

1 1 in Martinez de la Torre (Table 6). In the

mango orchards, A. obliqua was by far the

most abundant species, followed by A. lu-
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Table 2. Plant species sampled in central Veracruz, Mexico, to determine their host status to the local tephritid

fruit flies.

Scientific name iniinon name Locality code*

Anacardiaceae

Annonaceae

Apocynaceae

Asclepiadaceae

Bombacaceae

Caricaceae

Combretaceae

Euphorbiaceae

Guttiferae

Juglandaceae

Leguminoseae

Malpighiaceae

Moraceae

Myrsinaceae

Myrtaceae

Olacaceae

Passifloraceae

Rosaceae

Rutaceae

Mangifera indica L.

var. criollo

var. manila

var. Kent

Spondias moinhin L.

Spondias purpurea L.

Spondias radlkoferi Donn. Sm.

Spondias sp.

Tapirira mexicana Marchand

Annona muricata L.

Tabernaemontana alba Mill.

Gonolobus niger (Cav.) R. Br.

Quararibea funebris (La Llave)

Vischer

Carica papaya L.

Tenninalia catappa L.

Ricinus communis L.

Mammeaamericana L.

Juglans pyrifonnis Liebm.

Inga jinicuil G. Donht.

Inga spuria Humbl.

Inga vera Willd.

Byrsonima crassifolia (L. ) Kunth

Trophis mexicana (Liebm.) Bur.

Brosimum alicastrum Sw.

Icacorea compressa (Kunth) Standley

Myrciaria floribunda (H. West ex

Willd.) O. Berg

Psidium guajava L.

Psidium guineense Sw.

Psidium sartorianum (O. Berg.) Nied.

Syzygium jambos (L.) Alston

Ximenia americana L.

Bunchosia biocellata Schlecht.

Passiflora ciliata Alton

Passiflora edulis Sims.

Passiflora edulis f. flavicarpa Deg.

Cordia dodecandria Sesse & Moc.

Crataegus mexicana DC.

Eriobotrya japonica (Thunb.) Lindl.

Prunus persica (L.) Batsch

Casimiroa edulis La Llave & Lex.

Citrus maxima (Burm.) Merr.

Citrus reticulata Blanco

Citrus paradisi Macfad.

Citrus sinensis (L.) Osbek

var. Valencia

var. navel

1-9, 11-12, 14-15, 17,

19-21, 24, 27

Mango corriente
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Table 2. Continued.

Scientific name Local common name Locality code*

Sapotaceae

Solanaceae

Staphyleaceae

Citrus aurantium L.

Bumelia spiniflora A. DC.
Calocarpum inammosum (L.)

P. Royen

Chiysophylluin mexicaniun

Brandegee ex. Stand.

Chrysophyllum cainito L.

Manilkara zapota (L.) P. Royen

Pouteha hypoglauca (Standi.) Baehni

Pouteria campechiona (Kunth) Baehni

Solaniim ionidium Bitter

Turpinia insignis (H.B. & K.) Tul.

Naranja Cucha
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Table 3. Native and exotic host plants that harbored fruit flies in Veracruz, Mexico, during our nine year

study (1990-1998).

Fruit fly species

Commonlocal name
of host plant

Scientitic name
of host plant

Anastrepha

alveata

aphelocentema

bahiensis

chiclayae

cordata

crebra

distincta

fraterculus

hamata

ludens

obliqua

serpentina

Ciruela de nionte

Zapote calentura

Guayabilla*

Ramon or Ojite

Granada amarilla

Granada roja

Huevo de gate

Canela

Jinicuil

Chalahuite peludo

Chalahuite

Almendro**

Guayabilla

Guayaba

Guayaba acida

Guayaba tejon

Pomarrosa

Durazno

Zapote Nino*

Zapote Nino*

Mango
cultivar Criollo

cultivar Manila

cultivar Kent

Durazno

Zapote Blanco

Naranja cucha

Pomelo

Toronja

Mandarina

Naranja dulce

Mango
var. Manila

var. Kent

var. Criollo

Ciruelo

Cundoria

Jobo cimarron

Jobo

Cacao

Guayabilla*

Zapote mamey
Zapote niiio

Caimito

Chico Zapote

Zapote calentura

Guayaba

Guayaba acida

Guayaba tejon

Ximenia americana

Pouteria hypoglauca

Myrciaria floribunda

Brosimum alicastrum

Passifloro edulis

Passiflora ciliata

Tabernaemontana alba

Quararibea funebris

Inga jinicuil

Inga spuria

Inga vera

Tenninalia catappa

Myrciaria floribunda

Psidium guajava

Psidium guineense

Psidium sartorianum

Syzygium jambos

Prunus persica

Chrysophyllum mexicanum

Pouteria campechiana

Mangifera indica

Prunus persica

Casimiroa edulis

Citrus aurantium

Citrus maxima

Citrus paradisi

Citrus reticulata

Citrus sinensis

Mangifera indica

Spondias purpurea

Spondias sp.

Spondias radlkoferi

Spondias mombin
Tapirira mexicana

Myrciaria floribunda

Calocarpum mammosum
Chrysophyllum mexicanum

Chrysophyllum cainito

Manilkara zapota

Pouteria hypoglauca

Psidium guajava

Psidium guineense

Psidium sartorianum

Olacaceae

Sapotaceae

Myrtaceae

Moraceae

Passifloraceae

Passifloraceae

Apocynaceae

Bombacaceae

Leguminosae

Leguminosae

Leguminosae

Combretaceae

Myrtaceae

Myrtaceae

Myrtaceae

Myrtaceae

Myrtaceae

Rosaceae

Sapotaceae

Sapotaceae

Anacardiaceae

Rosaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae

Rutaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Anacardiaceae

Myrtaceae

Sapotaceae

Sapotaceae

Sapotaceae

Sapotaceae

Sapotaceae

Myrtaceae

Myrtaceae

Myrtaceae
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Table 4. Fruiting phenology of fruit fly host plants in Veracruz, Mexico.

Plant species

Anastrepha host plants

Brosimum alicastrum

Calocarpum mamrnosum

Casimiroa edulis

Ch lysophylliim mexiccmum

Chrysophyllum cainito

Citrus aurantium

Citrus maxima

Citrus paradisi

Citrus reticulata

Citrus sinensis

Inga jinicuil

Inga spuria

Inga vera

Mangifera indica

cultivar CrioUo

cultivar Manila

cultivar Kent

Manilkara zapota

Myrciaria ftoribunda

Passiflora edulis

Passiflora ciliata

Pouteria hypoglauca

Pouteria campechiana

Prunus persica

Psidium guajovo

0-500*

500-1,000*

1.000-1,500*

Psidium guineense

Psidium sartorianum

Quararibeo funebris

Spondias purpurea

Spondias mombin

Spondias radlkoferi

Spondias sp.

Syzygium jambos

Tabernaemontana alba

Tapirira mexicana

Terminolia catappa

Ximenia americana

Hexachaeta host plants

Trophis mexicana

Toxotrypana host plants

Carica papaya

Gonolobus niger

Rhagoletis host plants

Crataegus mexicana

Juglans pyriformis

Solanum ionidium

Turpinia insignis
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Table 5. Infestation patterns by Anastrepha flies based on size of host ftTjit.
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and for A. chiclayae in Passiflora edulis

Sims, and P. ciliata Aiton (Passifloraceae).

We also confirm that A. serpentina is an

oligophagous species with larvae found

feeding in four fruit species belonging to

the Sapotaceae (see Hernandez-Ortiz 1992).

Interestingly, A. hamata was also found to

be an oligophagous species (larvae feed on

seeds of 2 plant species belonging to the

Sapotaceae).

Even though trapping efforts were made
in an extended region of central Veracruz,

A. dentata, A. robusta, and A. zuelaniae

were captured only in Apazapan, where the

vegetation has been characterized as low

deciduous forest. In contrast, adults of A.

canalis were captured only in Monte Blan-

co, where the vegetation was originally

comprised of montane cloud forest. Anas-

trepha limae was found in both Llano

Grande and Monte Blanco. This suggests

that the geographic distribution of some An-

astrepha species is restricted to certain

zones, possibly because their host plants are

present only in these zones.

Wealso found that the timing of capture

of certain monophagous species coincided

with the fruiting periods of their host plants.

For example, A. hamata and A. alveata

adults were captured in McPhail traps al-

most exclusively when their host fruits

were available {P. campechiana and C.

mexicanum, and X. americana, respective-

ly). In our opinion, this is probably due to

an extraordinary capacity of adult survival

for long periods of time. Under laboratory

conditions, A. alveata adults can live up to

431 days (Aluja and Jacome, unpublished

data). Such adult longevities probably allow

adults to lay eggs in the fruits produced the

following year. However, the locations

where the adults of such species persist dur-

ing most of the year are unknown.

Finally, our data on the relationship of

fruit size and larval infestation levels rep-

resents further evidence that small, wild

fruits are more heavily infested than larger,

commercially grown fruits that were for the

most part, recently (on an evolutionary

scale) introduced to the Americas. This re-

lationship was recently discussed by Aluja

et al. (2000) who indicated that native flies

have probably still not fully developed the

ability to metabolize the toxic chemicals

that these exotic plants contain. As a result,

and despite the fact that females lay many
eggs in them, few eggs hatch or most larvae

die or develop poorly.
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